Abstract
Introduction
Rabbits are small mammals fall into the order Lagomorpha (Lagomorpha means "hare-shaped"), family Leporidae, and genus and species Oryctolagus cuniculus. There are many species of rabbits, the rabbits are herbivores (plant eating) and have a high reproduction rate. The teeth of the rabbit have some characteristic mammalian features; they are heterodont and diphyodont (i.e., two successive dentition, deciduous and permanent dentition). [1] The rabbit has a large mandible with a deceptively small oral cavity. The dental formula of deciduous teeth of rabbit is: The digit 2 in front of the formula indicates the left and right sides of the mouth. The letter I stand for incisor teeth; rabbits have two incisors for upper and one for the lower jaw. The letter C stands for canine teeth in which rabbits normally do not have. The letter pm indicates for the pre-molar cheek teeth; three premolars for the upper jaw and two for the lower. The letter m is the molar cheek teeth, and there are three on both the upper and the lower jaws. [2] Shedding of teeth is the physiological elimination of the deciduous teeth due to their root resorption prior to the eruption of their permanent successors at specific ages. This process is accompanied by resorption of calcified tissues; bone, cementum, and dentin by the resorbing cells osteoclasts or odontoclasts.
Like any physiological process, shedding is affected by local or systemic factors. Administration of drugs that can interfere with the process of hard tissue resorption may affect normal shedding. Among drugs that interfere with the activity of osteoclasts and odontoclasts are bisphosphonates (Bps). During shedding of the teeth both bone formation and resorption take place, it is a biological event that offers an excellent model for studying the possible effects of drugs that interfere with bone metabolism.
Bps are a class of drug analogs of pyrophosphate with high affinity to hydroxyapatite. Alendronate sodium (Fosamax) is a commonly used anti-resorptive agent effective for reducing bone resorption, increasing bone density, and decreasing fracture incidence.
They have the ability to inhibit osteoclast-mediated bone resorption and are widely used in prevention and treatment of osteoporosis and other bone disorders. The pronounced selectivity of Bps for bone rather than other tissues is the basis for their value in clinical practice. Their preferential uptake by and adsorption to mineral surfaces in bone brings them into close contact with osteoclasts and probably some osteocyte. [3, 4] Tartrate-resistant acid phosphatase (TRAP) is one of the few enzymes that are histochemically detectable on the formalin-fixed paraffin-embedded tissue. TRAP has been for many years used as a histochemical marker of the osteoclast, but neither its biological function nor its natural substrate is fully understood. Expression of TRAP is associated with the activation and differentiation of osteoclasts, as well as certain macrophages and other cells of a monohistiocytic phenotype such as the Gaucher cell. [5] The aim of this study was to investigate the effects of Bps on physiological root resorption of deciduous molars. Moreover, the presence of osteoclasts in the alveolar bone was examined.
Materials and Methods
This study was carried out using 40 newborns healthy New Zealand white rabbits of average body weight 50-55 g, their nutrition was provided maternally and a commercial pelleted diet of 16.7% crude protein, 13.7% crude fiber, and 2590 kcal of digestible energy per kg would be added. The animals were classified into two main groups:
This group is consisted of 20 rabbits which were subjected to an oral dose of 2.5 mg/kg of body wt./day normal saline by using oropharengeal tube. The rabbits were divided into two subgroups.
Subgroup A
It is consisted of 10 animals, which were sacrificed by CO 2 inhalation at the 10 th day after birth.
Subgroup B
It is consisted of 10 animals, which were sacrificed by CO 2 inhalation at the 20 th day after birth.
Group 2 (Bps group)
This group is consisted of 20 rabbits, which were subjected to daily oral dose of 2.5 mg/kg of body wt./day sodium alendronate using oropharengeal tube [6] were divided into two subgroups:
It is consisted of 10 animals which were sacrificed by CO 2 inhalation at the 10 th day after birth.
Subgroup B
It is consisted of 10 animals which were sacrificed by cervical dislocation at the 20 th day after birth. At the end of the experimental period, the animals were sacrificed by CO 2 inhalation; the mandibles removed and were hemisected.
The hemisected mandibles were prepared for light microscope examination using hematoxyline and eosin (H and E) and TRAP (special histochemical stain).
Histological examination (H and E stain) [ 
7]
The specimens were fixed immediately in 10% calcium formol for 12 h in 4°C, The calcium formal was prepared by mixing 10 g calcium chloride, 100 ml formaline, and 900 ml distilled water, the specimens were rinsed well by water, then the specimens were decalcified with 10% ethylene diamine tetra-acetic acid (EDTA), pH -7.3 at 4°C, [8] solution was being changed every 48 h for a month. After decalcification, the specimens were then dehydrated by transferring them through different concentrations in ascending grades of ethyl alcohol (EtOH) (50, 60, 80, 90, 96% and absolute alcohol 100%). Specimens were then transferred to xylol to be cleared from alcohol, then the specimens were embedded in paraffin wax and were embedded in the center of paraffin wax blocks, the embedded specimens were sectioned by microtome with longitudinal sections of 5-7 µ-thick, these sections were transferred in different concentrations of alcohol decreasing gradually 96% and 70% and then distilled water, sections were obtained and mounted on clean glass slides and stained with H and E for light microscopic examination.
Histochemical examination method (TRAP)
After decalcification with (EDTA) detection of odontoclast was carried out by using TRAP b5 stain. TRAP special stain was used for the demonstration of acid phosphatase activity an azo dyecoupling technique was used modified from [9] this stain requires four buffer solutions.
Procedure
Two coplin jars were filled each with 50 ml basic stock incubation solution of Buffer I Solution (sodium acetate anhydrous 9.2 g/L, tartaric acid 11.4 g/L and glacial acetic acid 2.8 ml; pH = 4.7-5.0), containing 30 mg of Fast Red TR salt (F-8764;Sigma) and were preheated (leaved in 37°C) oven while slides were going through deparaffinization/rehydration, slides were deparaffinized and rehydrated to distilled water, 1½ ml of Buffer II Solution (20 g/L naphthol phosphate in ethylene glycol monoethyl) was added to one coplin jar, slides were placed in this coplin jar and was incubated at 37°C for 1 h. [10] A few minutes before incubation time is up, 1 ml of Buffer III Solution (sodium nitrite 50 g/L) and 1 ml of Buffer IV Solution (2 g/L pararosaniline chloride) were mixed. The mixture is gently mixed in hand for 30 s, and then was let sit for 2 min, this solution was added to the second preheated coplin jar of basic stock incubation solution, then was mixed well and the incubated slides were transferred from the first jar to the second jar without rinsing. For desired intensity of red in osteoclasts was developed at 37°C for 5-12 min. If tissue shows, any non-specific red stain should be checked periodically under the microscope during development and proceed immediately to next step. The slides were rinsed with distilled water, counterstained with Mayer's hematoxylin and fast green 0.02%. [11] The slides were rinsed with distilled water, dehydrating through 3 changes of 95% ethanol (EtOH) and 2 changes of 100% EtOH (45 s each), clearance in 3 changes of xylene and mounted.
Results

I-Histological results
In control subgroup A, the deciduous molars of all animals have been fully erupted with considerable amounts of roots resorption [ Figure 1a ].
In control subgroup B, the deciduous molars of all animals have been completely shed, and the first pre-molars in almost all cases have been erupted, While the second pre-molars were found to be about to erupt [ Figure 1b and c].
In Bps group subgroup A showed delayed eruption of the deciduous molars and some dental abnormalities as enlargement of pre-dentin layer, discontinuity of the odontoblastic layer, defective dentin mineralization and appearance of denticle-like structures in the pulp [ Figures 1d and 2a] .
In Bps group subgroup B, the deciduous molars still present with some degree of root resorption. Most of the crowns of the underlying pre-molars were formed with developing of their roots. Cementum-like tissue was found between the deciduous molars and erupting pre-molars.
In Bps groups, the alveolar bone showed increased density; decreased number of osteoclasts and their detachment from the alveolar bone surface [ Figure 2b -d].
II-Histochemical results
The control subgroup A showed large number of positively stained multinucleated odontoclasts on the resorbed dentin The control subgroup B showed negative stain in all layers of the erupting pre-molars (no odontoclasts were seen in this subgroup), the alveolar bone surrounding the erupting premolars revealed large number of multinucleated osteoclasts [ Figures 3d, 4a and b].
The Bps group subgroup A showed negative stain in all layers of the deciduous tooth germs that appeared in the late bell stage.
The Bps group subgroup B showed negative stain in all layers of the erupting pre-molars as well as in all layers of the deciduous molars, the resorbed dentin surface showed few numbers of positively stained odontoclasts, some of them appeared separated from the Howship's lacunae. The alveolar bone showed few numbers of osteoclasts separated from their lacunae [ Figure 4c and d].
Discussion
In Bps group (10 days old), the deciduous molars showed delayed eruption, they were in the late bell stage, and the root formation was also affected. It has been demonstrated that treatment with Bps, including pamidronate and alendronate, during tooth development delays or inhibits tooth eruption. [12] [13] [14] [15] Consistent with our observation, Hiraga et al. [16] showed that treatment of 1-week-old rats with the Bps zoledronic (ZOL) dose-dependently inhibited the eruption of both molars and incisors and the formation of molar roots. While ZOL injection into 2-week-old rats, whose first molars had already partially erupted, did not affect their eruption. In contrast, the posterior molars in the same study, which were still covered with alveolar bone, failed to erupt normally. They suggested that ZOL-induced inhibition of tooth eruption is dependent on the developmental stage of each tooth.
It has been also reported that osteoprotegerin, which inhibits bone resorption by a different mechanism from Bps, causes similar defects in rats. [17] Furthermore, impaired tooth eruption was commonly found in osteopetrotic mutant animals, such as c-src-oncogene deficient mice. [18, 19] It is of interest that the failure of tooth eruption in osteopetrotic mice was overcome by the administration of macrophage colony-stimulating factor as a consequence of the recovery of bone resorbing activity. [20] These results collectively suggest that Bps impaired tooth eruption, at least in part, by inhibiting bone resorption.
Indeed, Grier and Wise [14] have detected that Bps delayed eruption of molars attributable to a low resorptive activity of osteoclasts.
Moreover, van Beek et al. [21] confirmed that alendronate is a more potent resorption inhibitor than other Bps such as pamidronate, which only retards resorption. Inhibition of tooth eruption in the dog by an agent that inhibits osteoclast activity, (bafilomycin A1; an antibiotic) has been reported by Sundquist and Marks. [22] In this study, irregular odontoblastic layer observed in Bps group is corresponding with Wesselink and Beertsen [23] who observed odontoblastic layer with loss of height and polarity of the cells during the study of the effect of the Bps 1-hydroxyethylidene-1,1-bisphosphonate (HEBP) on dentin formation and the structural relationship between the dentin and the developing periodontal attachment apparatus in the continuously growing mouse incisor.
Furthermore, Bps in the present study was found to affect the pre-dentin layer during the tooth development. The pre-dentin layers in most examined specimens appeared enlarged and areas of globular dentin calcification were found. These results suggested that Bps affects dentin mineralization.
This was in corresponding with Wesselink and Beertsen [23] who found that, at the higher dose levels of Bps a dose of 8 mg P/kg or greater have been given to mouse, the pre-dentin layer widened. According to Larsson [24] HEBP not only inhibits the deposition of mineral crystals in the dentin of the developing rat molar but may also affect the collagenous matrix synthesized and secreated by the odontoblasts.
In addition, Beertsen et al. [25] suggested that the inhibitory effect of Bps on mineralization could be attributed to the inhibition of phosphoprotein synthesis and deposition. In corresponding to our results, the authors also found that Bps did not affect the differentiation of pulp cells into odontoblasts.
In this study, the dental papilla or pulp tissue in the Bps group appeared highly cellular with a large number of inflammatory cells and the collagen fibers were dispersed. Similar results were discovered by Saoji [26] who explored the effect of Bps on human pulp and periodontal ligament (PDL) tissue derived cells. Pulp cells appeared to be more sensitive to the cytotoxic effects of Bps. This property may reflect a larger proportion of immature cells in pulp compared to the dominant fibroblastic population in PDL tissue.
Moreover, a large amount of variable size denticle-like structures were found scattered in the whole space of the dental pulp under the effect of Bps.
This was in agreement with Hiraga et al. [16] who studied the effect of the highest dose (4 lg/injection) of ZOL in rats receiving drug daily and found that, denticle-like structures were formed in the pulp and time-dependently grew in size, they demonstrated that the pulp cavities were finally filled with mineralized matrix, as dental abnormalities. Calcifications are not considered a normal phenomenon and characterized as degenerative change. This phenomenon was also found in osteopetrotic mice. [27] However, Cvikl et al. [28] have detected that Bps reduces cell activity of pulp, causes a reduction in viability, and cell death by necrosis and apoptosis.
In this study, a large thickness of alveolar bone was found surrounding the deciduous tooth germ in Bps group. The bone was found to be highly dense with very thick bone trabeculae and narrow bone marrow spaces. This was in agreement with Kamoun-Goldrat et al. [13] who studied the long-term effects of topical alendronate in the replanted rat maxillary first molars and observed that narrow bone marrow tissue and more bone tissue were more evident in alveolar bone alendronate group.
Finally, the histological results of Bps group (20 days old) showed delay of shedding the mandibular deciduous molars (still present in the jaw), with some degree of resorption of their roots and formation of large masses of cementum like tissue on the resorbed dentin surface of the deciduous molars representing repair of the tissues, the deposited repair tissue showed stratified structures consisted of alternating layers of cellular and acellular cementum like tissues, the cellular cementum like tissue contained lacunae of cementocyte, and the acellular cementumlike tissue exhibited homogenous appearance.
Similarly, Ali [29] studied the histological structure of deposited cementum like tissue on the resorbed coronal dentine surface in human retained upper deciduous canines and upper second molars. She declared that cementum like the tissue was consisted of alternating layers of cellular and acellular cementum like tissues.
It has been shown that administration of a Bp, HEBP, inhibits the mineralization of enamel and dentin in the rat incisor and the formation of the acellular cementum during root formation in the rat molar. [30, 31] Similar result was shown by Rölling [32] in his histologic study of 90 non-carious human primary teeth extracted at various chronologic stages of the shedding process. He revealed that apposition of cementum-like tissue in resorption lacunae took place during shedding.
Moreover, Sahara et al. [33] studied the exfoliation of human deciduous teeth suggested that the internal surface of the resorbed dentin in the pulp chamber is usually repaired by deposition of cementum-like tissue.
Furthermore, Yamamoto et al. [34] suggested that cellular cementum generally consists of alternate lamellar layers, in which intensely and weakly stained lamellae each about 2.5 um thickness. The alternate lamellar pattern results from periodic changes of the intrinsic fiber arrangement and collagen fibrils rotate regularly in the same direction to form two alternating types of lamellae. At 20 days, old Bps resulted in the separation of some odontoclasts from their lacunae. This was in corresponding with Watanabe et al. [35] who observed that after the administration of Bps to 6 days old rabbits, many odontoclasts detached from the dentine surface of the deciduous teeth. The same observation appeared in the alveolar bone surrounding the erupting premolars at 20 days Bps group. Some osteoclasts appeared separated from the resorbed bone surface, and other osteoclasts appeared apoptotic with the loss of their ruffled borders.
Direct inhibition of osteoclast activity is suggested by in vivo observations of the disappearance of the ruffled border, which is the convoluted osteoclast membrane opposed to bone, associated with osteoclast activity. [36] In agreement with our study, Watanabe et al. [35] observed that osteoclasts exhibit cytological alteration after treatment with Bps, which induces apoptosis of osteoclasts and loss of their ruffled borders.
Bps directly or indirectly induces apoptosis in osteoclasts, little is known about mediators of apoptosis in osteoclasts, which are difficult to culture. All Bps induce the caspase-dependent formation of pyknotic nuclei. [37] In this study control specimens stained with TRAP histochemical stain showed a large number of positively stained multinucleated odontoclasts on the resorbed dentin surface of deciduous molars. While Bps specimens stained with TRAP histochemical stain showed few numbers of positively stained odontoclasts, some of them appeared separated from the Howship's lacunae.
In addition, the histochemical results of Sahara et al. [38] showed TRAP-positive mononuclear cells, supposed to be pre-odontoclasts, first appeared near the blood vessels in the connective tissues, pulp or dental follicle. Then they came in contact with the tooth surface, dentin or cementum, by elongation of their cell processes. After attachment to the tooth surface, they fused with each other and formed multinucleate odontoclasts. According to Sahara, [39] in the case of the internal resorption of human deciduous teeth, the odontoblasts on the pre-dentin surface had mostly degenerated, atrophied or even disappeared from the pre-dentin surface before the arrival of the preodontoclasts.
Similar results were reported by Bradaschia-Correa et al. [15] who suggested that alendronate treated specimens showed few TRAP-positive multinucleated cells in the root surface of deciduous molar. However, these cells exhibited latent phenotype because they were not adhered to the mineralized surfaces. The presence of these cells suggests that all the molecules and factors of the signaling eruptive cascade have been triggered and act to stimulate odontoclast/osteoclast formation. [40] The alveolar bone surrounding the erupting pre-molars in the control group of this study exhibited large number of TRAP positively stained multinucleated osteoclasts distributed all over the bone surface. While in Bps group the alveolar bone showed very few to negative TRAP positively stained osteoclasts, some of them were detached from the bone surface. This was in agreement with Lee et al. [41] who examined the effect of Bps on bone remodeling of rat sagittal suture after rapid expansion. They reported that the multinuclear giant cells and TRAP activity were reduced in the Bps injected group compared with the saline injection group.
In addition, Myoung et al. [42] demonstrated that in TRAP specific staining, osteoclastic activity was lower in the Bps treated group than in the control group after autogenous freebone grafting in rats.
Moreover, Altundal and Güvener [43] indicated that topical application of Bps inhibited experimental tooth movement in rats and decreased a number of multinuclear giant cells.
Overall, the histological results of this study were coincide with the TRAP histochemical results suggesting that the multinucleated bone resorbing cell (osteoclasts) as well as tooth resorbing cell (odontoclasts) are the ultimate target of Bp action. According to Rodan [44] different compounds of Bps act differently on the osteoclast. The following effects have been described: (a) Inhibition of osteoclast formation/recruitment, (b) inhibition of osteoclast activation, (c) inhibition of the activity of mature osteoclasts, and (d) reduction of the osteoclast life span by induction of apoptosis.
Conclusion
Our results suggest that treatment with Bps during tooth development has the potential to retard tooth eruption (due to inhibition of alveolar bone resorption) and induce several types of dental abnormalities. However, clinical evidence to support the results is limited at the moment. Extensive human clinical studies have to be performed to discuss the implications of Bps therapy for tooth development in pediatric populations.
Within the limitations of this study, it can be concluded that: • 10 days old rabbits of the control group revealed eruption of the deciduous molars with considerable amount of root resorption.
• Both external and internal resorption could be detected during shedding of the deciduous molars of the control group of rabbits. • 20 days old rabbits of the control group revealed complete shedding of deciduous molars and beginning of eruption of pre-molars.
• Treatment with sodium alendronate (2.5 mg/kg body wt./day) for 10 days from 1 st day of birth resulted in delayed eruption of deciduous molars.
• Treatment with sodium alendronate (2.5 mg/kg body wt./day) for 10 days resulted in some dental abnormalities as enlargements of pre-dentin layer, discontinuity of odontoblastic layer, defective dentin mineralization and appearance of denticle-like structure in the pulp.
• Treatment with sodium alendronate (2.5 mg/kg body wt./day) for 20 days resulted in delayed shedding of deciduous molars, delayed eruption of pre-molars and formation of cementum like tissue between them.
• Alveolar bone abnormalities as a result of Bps treatment were observed in form of increased density, decrease numbers of osteoclast and their detachments from the alveolar bone surface.
